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(54) Multilayer ceramic electronic element and manufacturing method therefor 



(57) Internal electrode layers of a multilayer ceramic 
electronic element are structured such that spaces, 
which are formed between adjacent internal electrodes, 
are eliminated so as to substantially flatten the internal 
electrode layers. Moreover, the thickness of each green 
dielectric layer is reduced. To achieve this, a laminating 



process is performed by a thermal transfer printing 
method such that a thermal transfer conductor material 
and a thermal transfer dielectric material are used so as 
to form internal electrode portions and green dielectric 
portions. Thus, the internal electrode layers are formed. 



FIG. 1 



6 



-5 



CM 
< 

cn 
o 

CO 
<N 



OL 
UJ 



Primed by Xerox (UK) Business Bervkx* 
2.16.7/3.6 



EP 0 923 094 A2 

Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to a structure of multilayer electronic elements for use widely in electric products 
and a manufacturing method therefor, and more particular to a multilayer ceramic chip capacitor and a manufacturing 
method therefor. 

[0002] A multilayer ceramic chip capacitor is usually manufactured by the following process. 

[0003] Initially, a coating material is prepared in which dielectric particles and a binder are dispersed in a solvent. The 

w surface of a support member, made of polyethylene terephthalate or the like, is coated with the coating material so that 
a green cfielectric layer is formed. Then, a conductor pattern (a green internal electrode portion) for the internal elec- 
trode is formed on the green dielectric layer. The green Internal electrode portion is usually formed by, for example, 
screen-printing conductor paste. Then, the support member is separated from the green dielectric layer which has the 
green internal electrode portion. While the positions of the green internal electrode portions are being aligned, a plural- 

15 ity of the green dielectric layers are laminated. Thus, a green laminate is formed. 

[0004] The obtained green laminate is applied with pressure and compressed, and then cut into a predetermined size. 
Thus, green chips (divided green laminates) are manufactured. Then, the green chps are burned at predetermined 
temperatures in a predetermined atmosphere so that sintered bodies are obtained. Then, paste for forming external 
electrodes is applied to ends of the sintered body so that a multilayer ceramic chip capacitor is manufactured. 

20 [0005] Fig. 4A is a schematic view showing the internal structure of the green laminate realized during the process 
for manufacturing the multilayer ceramic chip capacitor. As shown in Fig. 4 A, the multilayer ceramic chip capacitor is 
constituted by laminating and burning dielectric layers 62 each having a conductor pattern 61 for the internal electrode. 
[0006] As shown in Fig. 5. the multilayer ceramic chip capacitor is constituted by alternately laminating internal elec- 
trodes 61 connected to external electrodes 63 disposed opposite to each other. The green Internal electrode portions 

25 61 are laminated on the green dielectric layer as follows: In Fig. 4C which is a cross sectional view taken along a first 
cutting direction x-x* shown in Fig. 4A, the green internal electrode portions 61 are aligned through green dielectric lay- 
ers 62. In Fig. 4B which is a cross sectional view taken along a second cutting direction y-y\ the green internal electrode 
portions 61 are alternately laminated. The green defectric layers 62 are cut along cutting lines 64 so that green chips 
are obtained. 

30 [0007] The foregoing structure is formed such that the green internal electrode portions 61 are formed and laminated 
on the green dielectric layers 62. As shown in Figs. 4B and 4C, spaces 65 are formed among adjacent green internal 
electrode portions in the green internal electrode tayers. That is, first portions 66 in which the green internal electrode 
layers and green dielectric layers are alternately laminated and second portions 67 coexist in the green laminate, the 
second portions 67 being laminated through spaces interposed between upper and lower green dielectric layers. When 

55 multilayer ceramic chip capacitors are manufactured by burning the green laminate, the burning process is performed 
in a state in which the spaces 65 adjacent to the external electrodes are compressed, as shown in Fig. 5. Therefore, 
the internal electrodes are not flush with one another. That is, the ends of the internal electrodes are warped, causing 
the thicknesses to be made different among the ends and the central portion. 

[0008] The degree of compression of the spaces 65 shown in Figs. 4B and 4C is raised in proportion to the number 
40 of laminated layers. Therefore, stepped portions between the first portions 66 and the second portions 67 are enlarged 
excessively. Thus, the first portions 66 in the form of a laminate which is constituted by dint of hermetic contact between 
the green internal electrode layers and the green dielectric layers are greatly raised. Since the first portions 66 are 
pressed and compressed under high pressures as compared with those applied to the second portions 67, the densi- 
ties of the first portions 66 and those of the second portions 67 are made to be different from one another. As a result, 
4s chip capacitors, which are final products, are deformed, cracks are formed and delamlnation takes place. 

[0009] If the thickness of the green dielectric layer is reduced to achieve size reduction and enlargement of the capac- 
ity of the capacitor which have been required in recent years, the green dielectric layer can easily be cut in the stepped 
portion. Therefore, there arises a problem of, for example, short circuit occurring between the internal electrodes. 
[0010] To overcome the problem caused from the rise of the green internal electrode portion, a variety of suggestions 
so have been made 

[0011 ] In Unexamined Japanese Patent Publications 52-135050 and 52-133553, structures have been suggested in 
each of which a green dielectric space sheet having a gap corresponding to the green internal electrode portion is inter- 
posed in the green laminate so as to prevent a stepped portion. 

[0012] The dielectric green space sheet must have the same thickness as that of the green internal electrode portion. 
55 If the thickness of the green Internal electrode portion is 1 0 urn or smaller, the green dielectric space sheet cannot accu- 
rately be punched to have the same shape as that of the pattern of the internal electrode so as to be inserted as 
described above. What is worse, processes for laminating some hundreds of layers must be performed such that inser- 
tion of the dielectric space sheet is performed for each layer. Therefore, mass production cannot easily be performed. 
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[0013] A similar method has been disclosed in Unexamined Japanese Patent Publication 53-42353, in which 
recesses are formed in the portions of the green cfleiectric layers corresponding to the internal electrodes. Thus, the 
green internal electrode portions are embedded in the recesses to eliminate the spaces in the green laminate so as to 
flatten the structure. Another method has been disclosed in Unexamined Japanese Patent Publication 61-102719 in 
s which the green internal electrode portions and the green dielectric sheets are punched to have predetermined shapes 
to alternately be laminated so as to eliminate the spaces in the laminate. Thus, the structure can be flattened. Each of 
the above-mentioned suggestions, however, requires a very thin green dielectric sheet to be handled. Therefore, mass 
production cannot easily be performed. 

[0014] In Unexamined Japanese Patent Publication 52-135051, a method has been suggested in which a coating 
10 process for forming the green internal electrode portions is performed. Then, the space portions are coated with the 
green dielectric layers to flatten the surfaces of coating so as to laminate the layers. However, seepage of the pattern 
and erosion by dint of the solvent easily take place vertically or between the adjacent green internal electrode portions 
and the green dielectric layers. If the thickness of the green dielectric layer interposed between the green internal elec- 
trode portions formed vertically is reduced, the boundaries between the green internal electrode portions and the green 
is dielectric layers are obscured by dint of the seepage of the pattern and erosion of the solvent. In this case, there is 
apprehension that a problem of short circuit between the internal electrodes arises. 

[0015] Although the techniques of flattening the internal portion of the laminate to eliminate the spaces have been 
suggested, the foregoing structures have not been put into practical use because the thin green dielectric sheet cannot 
easily be handled. 

20 [001 6] In Japanese Patent Publication No. 2636306 and Japanese Patent Publication No. 2636307, techniques have 
been suggested in which the green internal electrode portions are first formed on the support members. Then, the 
green dielectric layers are formed by a coating process so as to embed the green internal electrode portions in the 
green cfielectric layers. Thus, the surfaces of the internal electrode are flattened so that thin layers each having a thick- 
ness of 

25 18 jim is formed. 

[001 7] The above-mentioned method, however, cannot easily prevent rise of the green internal electrode portion if the 
thickness of the green dielectric is furthermore reduced. 

[0018] As described above, the conventional methods are effective in only a case where the green cfielectric layer has 
a relatively large thickness. If the thickness of the green dielectric layer is reduced, there arises problems of difficulty in 
30 performing mass production and unsatisfactory machining accuracy. Moreover, the surface of the laminate cannot be 
flattened. 

[001 9] Although the multilayer ceramic chip capacitor has been described, the other multilayer ceramic electronic ele- 
ments encounter similar problems when the thickness of each layer is reduced. 

[0020] At present multilayer ceramic electronic elements, and more particularly multilayer ceramic chip capacitors 
35 are required to have small sizes because apparatuses incorporating the foregoing electronic elements are required to 
have reduced sizes and weights. Therefore, the thicknesses of all laminated layers of the multilayer ceramic electronic 
element must be reduced. However, there Is apprehension that a multiplicity o1 the problems including the short circuit 
between the internal electrodes arise owning to the foregoing structure. 

40 SUMMARY OF THE INVENTION 

[0021] Accordingly, an object of the present invention is to provide a multflayer ceramic electronic element having a 
small size and satisfactory reliability and which can easily be manufactured and a method of manufacturing the multi- 
layer ceramic electronic element. 

45 [0022] To solve the foregoing problems, the present Invention is characterized by the following structures: 

[0023] A multilayer ceramic electronic element comprises: ceramic dielectric layers; internal electrode layers: and 
external electrodes for establishing connection with the outside such that the ceramic dielectric layers and the internal 
electrode layers are alternately laminated, wherein the internal electrode layer has an internal electrode portion and a 
dielectric portion which are continuously flushed with each other, and an end of the internal electrode portion is con- 

60 nected to the end external electrode without any curvity. 

[0024] Further, an multilayer ceramic electronic element as mentioned above, in that the thickness of an internal elec- 
trode in each of the internal electrode layers is not larger than 1 .2 urn, and the thickness of ceramic dielectric substance 
interposed by the internal electrodes is not larger than 2 jim. 

[0026] Furthermore, multilayer ceramic electronic element as mentioned above, wherein at least fifty ceramic dieiec- 
55 trie layers and internal electrode layers are alternately laminated . 

[0026] A method of manufacturing a multilayer ceramic electronic element, comprises the steps of: forming a green 
internal electrode portion by thermally transfer-printing, on a green dielectric substances formed on a support member, 
a thermal transfer conductor material by a thermal transfer printing method; and forming a green dielectric portion by 
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thermally transfer-printing, on the surface of the green cfielectric layer in which the green internal electrode portion is 
not formed and which is flush with the green internal electrode portion, a thermal transfer dielectric material by a ther- 
mal transfer printing method so that a substantially flat green internal electrode layer is formed. 
[0027] Further, in a method of manufacturing a multilayer ceramic electronic element the green dielectric layer formed 

5 on the support member is formed by a thermal transfer printing method using a thermal transfer dielectric material. 
[0026] Furthermore, in a method of manufacturing a multilayer ceramic electronic element, the thermal transfer con- 
ductor material is formed by sequentially laminating, on the support member, a separation layer mainly composed of 
wax, a conductor layer mainly composed of thermoplastic resin, wax and conductor particles or the thermoplastic resin 
and the conductor particles and an adhesive layer mainly composed of thermoplastic resin and wax or the thermoplas- 

10 tic resin and the thermal transfer dielectric material is formed by sequentially laminating, on the support member, a sep- 
aration layer mainly composed of wax. a dielectric layer mainly composed of thermoplastic resin, wax and dielectric 
particles or the thermoplastic resin and the dielectric particles and adhesive layer mainly composed of thermoplastic 
resin and wax or the thermoplastic resin. 

[0029] Furthermore, in a method of manufacturing a multilayer ceramic electronic element, the surface of a green 
is internal electrode layer, which incorporates a green internal electrode portion formed on the surface of a green dielec- 
tric layer formed on the support member by a thermal transfer method and a green dielectric portion, is subjected to a 
calendering process so that the surface of the green internal electrode layer is flattened. 

[0030] Green internal electrode portions in a green laminate which is a precursor of a multilayer ceramic electronic 
element must be formed as follows: spaces which are formed between adjacent internal electrodes are eliminated so 

zo as to form substantially flat green Internal electrode layers. Moreover, the thicknesses of burned ceramic dielectric lay- 
ers must be reduced. Therefore, a laminating process is performed such that a thermal transfer conductor material and 
a thermal transfer dielectric material are used to form green internal electrode portions and green dielectric portions by 
a thermal transfer printing method. Thus, green internal electrode layers are formed. Also the green dielectric layers can 
be formed by the thermal transfer printing method. 

25 [0031 ] In general, the thermal transfer printing method has the following advantages: no drying process is required 
because a dry process is performed such that a thermal transfer sheel manufactured previously is used to form a pat- 
tern. Moreover, a necessity of making a new printing plate, which is required for the screen priming method for the pur- 
pose of changing the pattern, can be eliminated. Thus, an arbitrary pattern can quickly be formed. When the thickness 
of a pattern is reduced, seepage occurring when the screen printing process is performed can be prevented. As a 

$o result, an accurate pattern can easily be formed. Therefore, when the thermal transfer printing method is employed to 
form the green internal electrode layers, the green internal electrode portions and the green dielectric portions can eas- 
ily successively be formed. Also their boundaries are free from seepage from the green internal electrode portions and 
the green dielectric portions. Thus, the thin layers can easily be handled and the structure can be simplified. Therefore, 
a reliable and compact multilayer electronic element can easily be manufactured. 

35 [0032] The thermal transfer printing method is performed such that a thermal transfer dielectric material or a conduc- 
tor material is brought into hermetic contact with the printing surface of a medium, for example, a green dielectric layer, 
which must be printed. Then, a heating unit, such as a thermal head, is operated to heat the thermal transfer member 
from the rear side of the same so that a required shape is obtained by the printing method. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 

Fig. 1 is a cross sectional view showing the structure of a thermal transfer member; 
45 Fig. 2 is a diagram showing the structure of a laminate according to the present invention; 

Fig. 3 is a cross sectional view showing a multilayer ceramic chip capacitor having a structure according to the 
present invention; 

Fig. 4 is a diagram showing the structure of a conventional laminate; and 

Fig. 5 is a cross sectional view showing a conventional multilayer ceramic chip capacitor. 

50 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0034] An embodiment of a thermal transfer member is described with reference to Fig. 1 . 

[0035] A thermal transfer member 6 shown in Fig. 1 has a support member 1 on which a separation layer 2 mainly 
55 composed of wax is formed. A conductor layer or a dielectric layer 3 is formed on the separation layer 2. An adhesive 
layer 4 is formed on the dielectric layer 3. A backcoat layer 5 is formed below the support member. 
[0036] When the thermal transfer printing process is performed, the adhesive layer 4 made of the thermal transfer 
member is disposed to oppose a green dielectric layer which is a printing medium. Then, a thermal head or the like 
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which is a heating unit having an arbitrary shape is operated to heat into a predetermined pattern, the structure from a 
position on the outside of the backcoat layer 5. As a result, an arbitrary shape can be printed. Since the separation layer 
2 mainly composed of wax is termed by the conductor layer or the dielectric layer 3 and the support member 1 , the sep- 
aration effect of the wax enables the dielectric layer 3 to easily be punched from the support member 1 into the shape 
of the heating pattern. As a result of the adhesive effect of the adhesive layer 4, the conductor layer or the dielectric 
layer 3 punched to have the arbitrary shape can stably be fixed to the green dielectric layer which is the printino 
medium. 

[0037] The thermal transfer printing method is able to cause the thermal head to generate heat to correspond to infor- 
mation of a pattern having an arbitrary shape by using, for example, a display unit of a computer. Therefore, an arbitrary 
pattern can precisely be printed by using the foregoing thermosensrtive material. When the thermal transfer printing 
method is employed to print the green internal electrode portions and the green dielectric portion onto the surface of 
the green dielectric layer which is the printing medium, the green internal electrode layer can substantially be flattened 
As a result, an accurate green laminate can be formed. 

[0038] A representative multilayer ceramic chip capacitor which is the multilayer ceramic electronic element will now 
is be described with reference to the drawings. 

[0039] Fig. 2 is a schematic view showing a laminaie incorporating a green internal electrode layer according to the 
present invention. 

[0040] As shown in Fig. 2A, green internal electrode portions 22 are disposed on a green dielectric layer 21. Moreo- 
ver, green dielectric portions 23 are disposed to bridge gaps among the green internal electrode portions 22 Thus a 
20 green Internal electrode layer which is a layer including the green internal electrode portions 22 and the green dielectric 
portions 23 can substantially be flattened. When the formed green sheets are laminated, a green laminate having the 
layers laminated precisely can be obtained. Therefore, rise of the green internal electrode portion 22 to pierce the green 
dielectric layer 21 can be prevented. Thus, deterioration in the reliability can be prevented. 

[0041] Fig. 2B shows a cross section obtained by cutting the foregoing laminate along line y-y\ Fig. 2C shows a cross 
25 section obtained by cutting the laminate along line x-x\ As can be understood from the drawings, the green internal 
electrode portions 22 and the green dielectric portion 23 are disposed on the green dielectric layers 21 . Thus, the green 
internal electrode layers can be flattened. Moreover, the layers are orderly laminated. 

[0042] The laminate having the laminated layers is cut along cutting lines 24, and then the cut laminates are burned 
Then, external electrodes are printed to the ends of each laminate so that multilayer ceramic chip capacitors are man- 
ufactured. The cross section of the manufactured multilayer chip capacitor is shown in Fig. 3. The internal electrode por- 
tions 22 connected to the external electrodes 25 are flush with one another without any curvfty. that is, the internal 
electrode portions 22 are substantially flattened. 

[0043] The green internal electrode portions 22 are printed and formed by a thermal transfer method which uses a 
thermal transfer conductor material, while the green dielectric portions 23 are printed and formed by the same method 
which uses a thermal transfer dielectric material. Thus, arbitrary shapes can precisely be obtained by printing. Even if 
the green dielectric portions are continuously formed from the green internal electrode portions, seepage or the like can 
be prevented. Thus, substantially flat green internal electrode layers can easily be formed. 

[0044] Since the thermal transfer printing method is able to easily form a thin structure, a very thin green dielectric 
layer can be formed by the thermal transfer printing method. As a result, a compact and large capacity multilayer 

40 ceramic chip capacitors can easily be manufactured. 

[0045] As shown in Fig. 1 , the thermal transfer member has a structure that a separation layer 2 mainly composed of 
wax is formed on the support member 1 . A thermal transfer conductor layer 3a or a thermal transfer dielectric layer 3b 
is formed on the separation layer 2. Moreover, an adhesive layer 4 is formed on the thermaJ transfer conductor layer 3a 
or the thermal transfer dielectric layer 3b. In addition, the backcoat layer 5 is formed below the siipport member 1 

46 [0046] The foregoing layers win no be described in detail. 

(Support Member) 



30 



35 
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[0047] it is preferable that the support member is made of a flexible material, more preferably a resin material 
Although the resin material is not limited, any one of polyethylene terephthalate, polyethylene naphthalate, poiyamide 
and polyimide may be selected to realize required heating resistance and solvent resistance. Also the thickness of the 
support member is not limited, the thickness may be determined to reaDze required flexibility. Usually, it is preferable 
that the thickness is 1 urn to 1 0 urn. 



65 (Separation Layer) 



[0046] The separation layer contains wax as a main component thereof so as to be used in a process of the thermal 
head to generate heat so as to print the thermal transfer conductor layer or the dielectric layer onto the printing surface 
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into a predetermined pattern. Trie separation layer has an effect to prevent retention of the conductor layer or the die- 
lectric layer formed into the above-mentioned pattern on the surface of the support member made of the thermal trans- 
fer member so that the foregoing layer is completely be printed on the printing layer. If no separation layer is provided 
and thus the conductor layer or the dielectric layer is in direct contact with the surface of the support member, there is 
apprehension that a portion of the heated conductor layer or the dielectric layer is left on the support member when the 
thermal transfer printing process is performed. In this case, there is apprehension that a defect is caused in the green 
internal electrode portion or the green dielectric portion. 

[0049] The separation layer must be melted during the thermal transfer printing method process. Therefore, the sep- 
aration layer must have a characteristic which causes the conductor layer or the dielectric layer to easily be separated 
from the support member when the separation layer has been melted. 

[0050] Therefore, ft is preferable that the wax is animal or plant wax. such as bees wax, lanolin, carnauba wax. can- 
delilla wax, montan wax, ceresln wax or rice bran wax or petroleum wax, such as paraffin wax or mlcrocrystalline wax. 
Two or more types of the foregoing wax materials may be employed simultaneously. It is preferable that the melting point 
of the employed wax is 40°C to 120°C, more preferably 60°C to 90°C. 

[0051 ] In general, the animal wax or plant wax is a solid ester composed of higher fatty acid and higher monohydric 
alcohol or dihydric alcohol. The petroleum wax is hydrocarbon expressed by general chemical formula C n H 2n+2 having 
about 20 to about 60 carbon atoms and molecular weight of 300 to 1000. Although the animal wax, plant wax and the 
petroleum wax have different structures, the foregoing waxes are collectively called waxes because of similar charac- 
teristics. Any one of the foregoing waxes may be employed in the present invention. 

[0052] Although it is preferable that the separation layer is composed of only the wax, the separation layer may contain 
other substances H the separating characteristic can be maintained. For example, thermoplastic resin or the like may 
be mixed if necessary to improve the adhesiveness to the support member so as to improve the durabifity of the thermal 
transfer conductor material or the thermal transfer dieiectric material. Note that it is preferable that the content of the 
wax in the separation layer is at least 90 wt%. 

[0053] Although the thickness of the separation layer may be determined in accordance with the heating performance 
of the thermal head and the heat resistance of the support member, it is preferable that the thickness is 0 1 urn to 1 5 
um. 

[0054] If the separation layer is too thick, the conductor layer and the dielectric layer can easily be separated from the 
support member when it is handl ed before the thermal transfer printing operation is performed. Moreover, heat conduc- 
tion from the thermal head to the conductor layer or the dielectric layer is not performed sufficiently when the thermal 
transfer, operation is performed. Therefore, transference of the pattern cannot satisfactorily be performed and/or the res- 
olution of the pattern deteriorates. Since organic components are increased during the printing operation, a degreasing 
operation cannot sufficiently be performed during the burning operation. In this case, the characteristics deteriorate and 
delamination easily occurs. If the separation layer is too thin, the function of the separation layer deteriorates, that is. 
transference of the pattern cannot completely be performed. 

(Conductor Layer) 

[0055] The conductor layer contains conductor particles and the thermoplastic resin. If necessary, the conductor layer 
may contain the foregoing wax. Since the type of the thermoplastic resin is not fimited. it is preferable that thermoplastic 
resin of a type which is solid at room temperatures and which is softened when it is heated is employed. 
[0056] For example, any one of the following materials or mixture of the same may be employed: ethylene-vinyl ace- 
tate copolymer, ethylene-alkylacrylate copolymer, ethylene-alkylmethacrylate copolymer, ethylene-glycidylmethacr- 
ylate-methylacrylate copolymer, polyolefine resin, polyvinyl alcohol, vinyl acetate resin, styrene-alkylmethacrylate 
copolymer, styrene-alkylacrylate copolymer and styrene resin. It is preferable that the softening point of the thermoplas- 
tic resin is 45°C to 90°C. If the softening point is too high, the thermal transfer of the pattern cannot satisfactorily be per- 
formed. K the softening point is too low. a redundant portion adjacent to a heating pattern is transferred. Thus, a noise 
pattern can easily be formed. 

[0057] The thermoplastic resin is characterized by the viscosity at temperatures higher than the softening point 
thereof, the viscosity being higher than the viscosity of the wax at temperatures higher than the melting point of the wax. 
When the thermoplastic resin is employed to form the conductor layer, seepage of the transferred pattern can be pre- 
vented. 

[0058] On the other hand, solid wax is a brittle substance lacking flexibility. Since also adhesiveness to the support 
member is unsatisfactory, a crack is formed in the conductor layer if the quantity of the wax in the conductor layer is 
enlarged. Therefore, the solid wax has a problem that the conductor layer can easily be separated from the support 
member. Therefore, the ratio of the wax with respect to the total quantity of the thermoplastic resin and the wax in the 
conductor is 65 wt% or lower, more preferably 50 wt% or lower. Since the thermal sensitivity of the wax is higher than 
that of the thermoplastic resin, there is apprehension that the thermal transferring characteristic has a problem if the 
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ratio of the wax is too low. Therefore, the ratio of the wax and the thermoplastic resin must be adjusted in accordance 
with the thermal transferring conditions. 

[0059] The conductor particle is not limited. It is preferable that a metal material, an alloy or an oxide is employed 
which contains at least any one of Au. Ag, Pd. Cu, Ni. Co, Fe. Sn, Al. In, W. Mo, Ta. Pb. Bi. Zn and Cd. Usually, it is 
preferable that the particle size of the conductor particles is 0.1 jim to 10 Mm. 

[0060] It is preferable that the volume ratio of conductor particles with respect to the total volume of the thermoplastic 
resin and wax In the conductor layer is 0.5 to 2.6. If the quantity of the conductor particles is too small, the conductor 
particles in an electrode pattern (the green internal electrode portion) decrease after the thermal transfer printing oper- 
ation has been performed. In this case, there is apprehension that the electrode pattern is interrupted during the burn- 
ing process and the electric characteristics deteriorates. If the quantity of the conductor particles is too large there is 
apprehension that the separation characteristic of the thermal transfer pattern deteriorates. In this case, a defect is 
sometimes caused in a printing process. 

[0061] ft is preferable that the thickness of the conductor layer is 0.3 jim to 3.0 urn. If the thickness of the conductor 
layer is too small, the pattern can easily be interrupted during the burning process because the quantity of conductor 
particles in the transferred electrode pattern is reduced. H the thickness of the conductor layer is too large, heat cannot 
easily be conducted from the thermal head. Thus, the transferring characteristic deteriorates, causing the quality of the 
transferred electrode pattern to deteriorate. J 

(Dielectric Layer) 

[0062] The dielectric layer has a similar structure to that of the conductor layer. The dielectric layer contains dielectric 
particles in place of the conductor particles. The type of the dielectric particles which are contained in the dielectric layer 
is not limited. Matenals for compensating temperatures or materials having a high dielectric constant for use in multi 
^yer ceramic chip capacitors may be employed. Also the composition of the dielectric layer Is not limited. It Is preferable 
that barium trtanate type material or perovsWte containing lead is employed. 
[0063] It is preferable that the thickness of the dielectric layer is 0.3 urn to 3.0 urn. 

[0064] When the green dielectric layers, Ihe green internal electrode portions and the green dielectric portions are 
sequentially pnnted by using the thermal transfer members so as to be laminated, the green internal electrode portions 
and the green dielectric portions are thermally transferred onto the printed green dielectric layers. Therefore there is 
apprehension that a portion of thB green dielectric layer is again melted by dint of an influence of heat generated by the 
thermal head. Thus, it is preferable that the dielectric layers, each of which made of the thermal transfer dielectric mate- 
rial for use to form the green internal electrode layers, does not contain wax. In addition to the thermoplastic resin any 
one of polyurethane resin p cellulose resin, butyral resin, acrylic resin and polyethylene resin may be employed As an 
alternative to this, a copolymer of the foregoing materials may be employed. 

(Adhesive Layer) 

[0 ° 6 fJ Jhe adhesive layer is provided for the purpose of preventing interruption of the pattern occurring when the ther- 
mal transferring process is performed. Moreover, the adhesive layer is provided for improving the adhesiveness of each 
of the green internal electrodes and the green dielectric portions or the green dielectric layers formed on the surface of 
the lamination. The adhesive layer contains the thermoplastic resin or both of the thermoplastic and the wax 
£066] To enlarge the content of conductor particles in the green internal electrode portions which are transferred by 
the thermal transfer printing method and dielectric particles in the green dielectric layers, Ihe adhesive layer may con- 
tonconductor particles or dielectric particles The particle size of the particles may be determined to correspond to the 
thickness of the adhesive layer. That is, a necessity of using particles having the same particle size as that of particles 
contained in the dielectric layer or the conductor layer can be eliminated. 

[0067] When the adhesive layers contain conductor particles or dielectric particles, it is preferable that the volume 
ratio of the particles with respect to the total volume of thermoplastic resin and wax in the adhesive layer is 0 45 or 
lower. 

[0068] It is preferable that the thickness of the adhesive layer is 0.1 pm to 1.5 urn. If the thickness of the adhesive 
layer is too large, the density of particles in the green internal electrode layers or the green dielectric layers is lowered 
after the thermal transferring process has been performed. In this case, organic components which must be degreased 
are substantially increased. Tnus, there is apprehension that the characteristic deteriorate and/or determination occurs 
If the tockness of the adhesive layer is too small, the required effect of the adhesive layer to fix the pattern which has 
ss been thermally transferred cannot satisfactorily be obtained. 
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(Backcoat Layer) 

[0069] Since the thermal head slides on the reverse side of the thermal transfer member during the thermal transfer 
printing operation, the backcoat layer is provided H necessary for the purpose of reducing sliding resistance of the ther- 

5 mal head. It is preferable that the thickness of the backcoat layer is 0. 1 um to 1 .0 urn. If the thickness of the backcoat 
layer is too small, a required effect cannot be obtained. If the foregoing thickness is too targe, heat conduction from the 
thermal head cannot sufficiently be performed. As a result, thermal transfer of the pattern cannot sometimes completely 
be performed. The material for forming the backcoat layer is not limited if the employed material is able to realize a lubri- 
cating characteristic It is preferable that at least one type of material of the following materials is employed: silicon oil, 

w fluorine type oil. silicon resin containing foregoing ofl, fluorine resin, epoxy resin, melamine resin, phenol resin, polyim- 
ide, nitrocellulose, butyrai resin and acetai resin. 

(Method of Forming Rims) 

is [0070] It is preferable that the separation layer is formed by a coating method to manufacture the thermal transfer 
member. Specifically, a prepared water type wax emulsion containing an alcohol may be applied. As an alternative to 
this, a coating material may be prepared by directly dispersing wax in organic solvent, such as toluene, methyl ethyl ke- 
tone, acetone or alcohol. It is preferable that the coating operation is performed by employing a solvent coating method 
using any one of a bar coater, a doctor Wade, gravure, flexo device and a nozzle. 

20 [0071 ] The conductor layers or the dielectric layers can be formed by applying a coating material prepared by a similar 
method as that for forming the separation layers. Solvent constituting the coating material which must be applied may 
be solvent of a type which is able to dissolve the thermoplastic resin. For example, water, alcohol, acetone, methylethyl- 
ketone or toluene may be employed. It is preferable that conductor particles and the thermoplastic resin, which are non- 
volatile components in the coating material, are contained by 60 wt% or lower, if the concentration of the nonvolatile 

25 components is too high, the viscosity of the coating material is raised excessively. In this case, uniform coating cannot 
easily be performed. Thus, the thermal transfer member cannot easily be obtained. 

(Thermal Transfer Printing) 

30 [0072] The thermal transfer conductor material and the thermal transfer dielectric material are used to thermally trans- 
fer the green internal electrode portions and the green dielectric portions so as to form predetermined patterns on the 
dielectric layer which are substrates. Either of the green internal electrode portions or the green cGelectric portions may 
be printed first The thicknesses of the thermal transfer conductor material and the thermal transfer dielectric material 
must be the same to cause the green internal electrode portions and the green dielectric portions to have the same 

35 thicknesses. It is preferable that the difference between the thicknesses of the two materials is 0.5 urn or smaller. If the 
difference in the thickness is too large, a stepped portion is undesirably formed and, therefore, the flatness of the inter- 
nal electrode layer deteriorates. Therefore, the green sheets cannot successively be laminated. 
[0073] The thermal head raises the temperature to be not lower than the melting point of the employed wax. Moreover, 
the temperature must be not lower than the softening point of the thermoplastic material. 

40 [0074] The heating medium is not limited to a specific medium. A variety of thermal heads, including a line-type ther- 
mal head and a serial-type thermal head, may be employed As an alternative to this, a laser head using a laser beam 
may be employed. 

[0075] Examples of the present invention will now be described. 
45 (Example 1) 

[0076] The thermal transfer conductor material was prepared as follows: a polyethylene terephthalate film, which was 
composed of butyrai resin containing silicon and which had a backcoat layer having a thickness of 0.5 jim was 
employed as the support member. Then, a wax layer having a thickness of 0.5 urn and serving as the separation layer 
so was formed on the polyethylene terephthalate film. 

[0077] Then, the following coating material was prepared: 



55 



Ni particles (average particle size: 0.2 urn) :35 parts by weight 

Ethylene-vinyl acetate copolymer (softening point: 64*C) :4 parts by weight 
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(continued) 



Toluene 



:60 parts by weight 



[0078] A conductor layer having a thickness of 1 .5 urn was farmed on the separation layer. 
[0079] A coating material having the following composition was prepared: 



10 



15 



20 



Barium trtanate particles (average particle size: 0.1 pm) 
Ethylene-vinyl acetate copolymer (softening point: 64°C) 
Toluene 



:6.7 parts by weight 
:3.3 parts by weight 
. 90 parts by weight 



[0080] An adhesive layer having a thickness of 0.6 urn was formed on the conductor layer so that the thermal transfer 
conductor material was prepared. 

[0081] The thermal transfer dielectric material was prepared as follows: similarly to the thermal transfer conductor 
material, a polyethylene terephthalate film, which was composed of butyral resin containing silicon and which had a 
backcoat layer having a thickness of 0.5 um was employed as the support member. Then, a wax layer having a thick- 
ness of 0.5 jim and serving as the separation layer was formed on the polyethylene terephthalate film. 
[0082] Then, a coating material having the following composition was prepared: 



25 



30 




Barium titanate particles (average particle size: 0.1 urn) 
Ethylene-vinyl acetate copolymer (softening point: 64°C) 
Wax (softening point 73°C) 
Toluene 


:33.5 parts by weight 
:1 .4 parts by weight 
:1.4 parts by weight 
:63.7 parts by weight 


[0083] 
[0084] 

35 


A dielectric layer having a thickness of 1.5 um was formed on the separation layer. 
A coating material having the fallowing composition was prepared: 


40 




Barium titanate particles (average particle size: 0.1 um) 
Ethylene-vinyl acetate copolymer (softening point: 64°C) 
Toluene 


:33.5 parts by weight 
:9 parts by weight 
:73 parts by weight 



[0085] An adhesive layer having a thickness of 0.6 jim was formed on the dielectric layer so that the thermal transfer 

45 dielectric material was prepared. 

[0086] Then, a green dielectric layer which contained barium titanate particles having an average particle size of 0.1 
um and butyral resin and which had a thickness of 3 um was formed on the support member having a separating char- 
acteristic and made of polyethylene terephthalate. Thus, a green dielectric sheet was manufactured. The green dielec- 
tric sheet was set to a thermal transfer printer so that predetermined green internal electrode portions and green 

so dielectric portions were printed on the surface of the dielectric layer by a thermal transfer method by using the thermal 
transfer conductor material and the thermal transfer dielectric material. A fact was confirmed that the formed green 
internal electrode layer had a flat surfaces. A plurality of green sheets each having the flat green internal electrode layer 
were manufactured. 

[0087] The green internal electrode layer of the green sheet was superimposed on the green dielectric layer which 
65 was composed of barium titanate particles having an average particle size of 0.35 urn and butyral resin and which had 
a thickness of 300 um. The foregoing superimposing process was performed in such a manner that the green internal 
electrode layer was in contact with the dielectric layer having the thickness of 300 um. Then, the laminated layers were 
applied with pressure so as to be crimped so that the support member was separated. The above-mentioned operation 
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was repeated so that the green sheets were laminated. Thus, a green laminate having 100 green internal electrode lay- 
ers was obtained. Then, a green dielectric layer, which was composed of barium titanate having an average particle 
size of 0.35 Mm and butyral resin, and which had a thickness of 300 um, was placed on the green laminate. Then the 
layers were applied with pressure so as to be crimped, and then the layers were cut so that green laminate chips were 
manufactured. 

[0088J After the green laminate chips were degreased, the green laminate chips were burned at 1 260°C in a furnace 
having a reducing atmosphere so that capacitor chips were manufactured. Then, end electrodes were joined so that 
multilayer ceramic chip capacitors were manufactured. 

[0089] The dimensions of each capacitor were such that the length was 3.2 mm, the width was 1 .6 mm and the height 
was 1 .36 mm When the capacitor was cut to observe the cross section, the thickness of each internal electrode portion 
was 1 .2 um, the effective area of the same was 2.4 mm 2 and the thickness of the dielectric member between the inter- 
nal electrodes was 2.0 um. A fact was confirmed that all layers were stably formed. The capacitor had a capacity of 2 
\iF which was a satisfactory value as one of capacity characteristics. 

[0090] As a comparative example, a green dielectric layer which contained barium titanate particles having an aver- 
age particle size of 0.1 urn and butyral resin and which had a thickness of 3 Mm was formed on the support member 
having a separating characteristic and made of polyethylene terephthalate. Thus, a green dielectric sheet was manu- 
factured. The green cfieJectric sheet was set to a thermal transfer printer so that grBen internal electrode portions were 
printed on the surface of the dielectric layer by a thermal transfer method. A fact was confirmed that the formed green 
internal electrode layer had a flat surfaces. A plural rty of green sheets each having the flat green internal electrode layer 
zo were manufactured. A plurality of green sheets each having only the green internal electrode portion were manufac- 
tured. 

[0091 ] The green internal electrode layer of the green sheet was superimposed on the green cSelectric layer which 
was composed of barium titanate particles having an average particle size of 0.35 um and butyral resin and which had 
a thickness of 300 um. The foregoing superimposing process was performed In such a manner that the green internal 
25 electrode layer is in contact with the dielectric layer having the thickness of 300 um. Then, the laminated layers were 
applied wfth pressure so as to be crimped so that the support member was separated. Although the foregoing operation 
was attempted to be performed successively to laminate the green sheets, the unsatisfactory degree of crimping in the 
spaces inhibits easy separation of the green sheets from the support member in a plurality of laminated layers As a 
result, continuation of the laminating process was difficult. 

(Example 2) 

[0092] The thermal transfer conductor material was prepared as follows: a polyethylene terephthalate film, which was 
composed of butyral resin containing silicon and which had a backcoat layer having a thickness of 0.5 um. was 
employed as the support member. Then, a wax layer having a thickness of 0.5 um and serving as the separation layer 
was formed on the polyethylene terephthalate film. 
[0093] Then, the following coating material was prepared: 
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Ni particles (average particle size: 0.2 um) 




:34.3 parts by weight 


Ethylene-glycidyl methacrylate-methylacrylate copolymer resin (softening poi 


nt: 52°C) 


:3.4 parts by weight 


Wax (softening point 73°C) 




:2.3 parts by weight 


Toluene 




:60 parts by weight 



[0094] A conductor layer having a thickness of 1 .5 M m was formed on the separation layer. 
[0095] The following coating material was prepared : 





Barium titanate particles (average particle size: 0.1 um) 


:10 parts by weight 


55 


Ethylene-glycidyJ methacrylate-methylacryl ate copolymer resin (softening point: 52 P C) 


:3.5 parts by weight 




Wax (softening point: 73*C) 


:1. 5 parts by weight 




Toluene 


:85 parts by weight 
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[0096] An adhesive layer having a thickness of 0.8 urn was formed on the conductor layer so that the thermal transfer 
conductor material was prepared. 

[0097] The thermal transfer dielectric material was prepared as follows: similarly to the thermal transfer conductor 
matenal. a polyethylene terephthalate film, which was composed of butyral resin containing silicon and which had a 
5 backcoat layer having a thickness of 0.5 um, was employed as the support member. Then, a wax layer having a thick- 
ness of 0.5 um and serving as the separation layer was formed on the polyethylene terephthalate film 
[0098] The following coating material was prepared: 



10 



15 
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Barium titanate particles (average particle size: 0.1 um) 




32 parts by weight 


Ethylene-glycidyl methacrylate-methylacrylate copolymer ret 


sin (softening point: 52°C) 


:1 .5 parts by weight 


Wax (softening point: 73°C) 




:1.5 parts by weight 


Toluene 




65 parts by weight 



[0099] A conductor layer having a thickness of 1 .5 urn was formed on the separation layer. 
[01 00] The following coating material was prepared : 





Barium titanate particles (average particle size: 0.1 urn) 


:10 parts by weight 


25 


Ethylene-glycidyl methacrylate-methylacrylate copolymer resin (softening point: 52°C) 


5.5 parts by weight 




Wax (softening point: 73°C) 


:1 .5 parts by weight 




Toluene 


:85 parts by weight 
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[01 01 ] An adhesive layer having a thickness of 0.8 um was formed on the cfielectric layer so that the thermal transfer 
dielectric material was prepared. 

[0102] Then, a green dielectric layer which contained barium titanate particles having an average particle size of 0 1 
urn and butyral resin and which had a thickness of 1 .8 urn was formed on the support member having a separating char- 
acteristic and made of polyethylene terephthalate. Thus, a green dielectric sheet was manufactured The green dielec- 
tric sheet was set to a thermal transfer printer so that predetermined green internal electrode portions and green 
dielectric portions were printed on the surface of the dielectric layer by a thermal transfer method by using the conductor 
material and the thermal transfer dielectric material. 

[0103] In a state in which the obtained structure was maintained in the thermal transfer printer, the green dielectric 
sheet was superimposed on the foregoing structure so as to be applied with pressure and crimped so that the support 
member was removed. Thus, a new surface of the green dielectric layer was formed. In the foregoing case, the lower 
£!Si B1l 5L e,ectrode ,aver was flattened Therefore, any rise of the internal electrode portion was not confirmed 
[01 04] Then, the thermal transfer conductor material and the thermal transfer dielectric material was used to thermal - 
transfer-pnnt predetermined green internal electrode portions and green dielectric portions on the new surface of the 
green dielectric layer. Thus, a second green internal electrode layer was formed. The foregoing laminating process was 
repeated so that a green laminate having 50 green internal electrode layers was manufactured. 
[0105] Then, the green laminate was taken from the thermal transfer printer. Then, the green internal electrode layer 
of the green laminate printed f inaJly was superimposed on the green dielectric layer which was composed of barium 
Wanate particles having an average particle size of 0.35 urn and butyral resin and which had a thickness of 300 urn 
The supenrnposition was performed such that the green internal electrode layer printed finally faced the green dielectric 
layer having the thickness of 300 um. Then, pressure was applied to perform compression so that the support member 
of the green laminate was removed. 

[01 06] Then, a green dielectric layer which was composed of barium titanate particles having an average particle size 
of 0.35 urn and butyral resin and which had a thickness of 300 urn were superimposed on the foregoing laminate Then 
pressure was applied so that the laminate was crimped, and then the laminate was cut. Thus, green laminate chips 
were manufactured. After the green laminate chips were degreased. the green laminate chips were burned at 1260°C 
in a furnace having a reducing atmosphere so that capacitor chips were manufactured. Then, end electrodes were 
joined so that multilayer ceramic chip capacitors were manufactured. 

[01 07] The dimensions of each capacitor were such that the length was 3.2 mm and the width was 1 .6 mm. When the 
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capacitor was cut to observe the cross section, the thickness of each internal electrode portion was 1 .2 urn, the effective 
area of the same was 2.4 mm 2 and the thickness of the dielectric member between the internal electrodes was 1 .4 \im. 
A fact was confirmed that all layers were stably formed. The capacitor had a capacity of 1 .5 »F which was a satisfactory 
value as one of capacity characteristics. 

[0108J If a similar manufacturing process is employed to manufacture the capacitor incorporating the green internal 
electrode layer which is composed of only the green internal electrode portion, a lower green internal electrode portion 
is raised and allowed to appear on the surface of the upper green dielectric sheet As a result, the flatness deteriorates. 
Therefore, a thermal transfer printing process to which the surface of the green dielectric sheet is subjected results in 
a portion being formed to which heat is irregularly conducted from the thermal head. As a result, a precise printing proc- 
ess cannot be performed. Thus, the thermal transfer printing operation for obtaining a green laminate cannot completely 
be performed. 

(Example 3) 

[0109] The thermal transfer conductor material was prepared as follows: a polyethylene terephthalate film, which was 
composed of butyral resin containing silicon and which had a backcoat layer having a thickness of 0.5 urn, was 
employed as the support member. Then, a wax layer having a thickness of 0.5 um and serving as the separation layer 
was formed on the polyethylene terephthalate film. 
[01 1 0] Then, the following coating material was prepared: 





Ni particles (average particle size: 0.1 jim) 

Ethylene-glycidyl methacrylate-methyiacrylate copolymer resin (softening point: 52°C) 

Wax (softening point 73°C) 

Toluene 


:34.3 parts by weight 
:3.4 parts by weight 
:2.3 parts by weight 
:60 parts by weight 


to 
E0 


1 1 1 J A conductor layer having a thickness of 1 .0 urn was formed on the separation layer. 
1 1 2] The following coating material was prepared: 




Ni particles (average particle size: 0.05 jun) 

Ethylene-glycidyl methacrylate-methyiacrylate copolymer resin (softening point: 52°C) 

Wax (softening point: 73°C) 

Toluene 


:8.6 parts by weight 
:3 parts by weight 
:0.4 parts by weight 
:88 parts by weight 



[01 1 3J An adhesive layer having a thickness of 0.5 jim was formed on the conductor layer so that the thermal transfer 
conductor material was prepared. 

[01141 The thermal transfer dielectric material was prepared as follows: similarly to the thermal transfer conductor 
material, a polyethylene terephthalate film, which was composed of butyral resin containing silicon and which had a 
backcoat layer having a thickness of 0.5 Mm. was employed as the support member. Then, a wax layer having a thick- 
ness of 0. 5 jim and serving as the separation layer was formed on the polyethylene terephthalate film. 
[01 1 5] The following coating material was prepared: 



barium titanate particles (average particle size: 0.1 jim) 


:32 parts by weight 


Ethylene-glycidyl methacrylate-methyiacrylate copolymer resin (softening point: 52°C) 


:1.5 parts by weight 


Wax (softening point: 73°C) 


:1.5 parts by weight 


Toluene 


:65 parte by weight 
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[01 16] A conductor layer having a thickness of 1 . 1 urn was formed on the separation layer. 
[01 17] The following coating material was prepared: 



10 



15 



20 



Barium titanate particles (average particle size: 0.1 pm) 

Ethylene-glycidyl methacrylate-methylacrylate copolymer resin (softening point: 52°C) 

Wax (softening point: 73*C) 

Toluene: 



:10 parts by weight 
2.5 parts by weight 
:1 .5 parts by weight 
£5 parts by weight 



[01 18] An adhesive layer having a thickness of 0.5 was formed on the dielectric layer so that the thermal transfer 
dielectric material A was prepared. 

[01 1 9] Tnen, a polyethylene terephthalate film, which was composed of butyral resin containing silicon and which had 
a backcoat layer having a thickness of 0.5 urn. was employed as the support member. Then, a wax layer having a thick- 
ness of 0.5 *im and serving as the separation layer was formed on the polyethylene terephthaJate film. 
[01 20] Then, the following coating material was prepared: 



30 



Barium titanate particles (average particle size: 0.1 jim) 

Butyral resin (glass transition point: 58°C) 

Toluene 



:37.5 parts by weight 
:3.0 parts by weight 
:59.5 parts by weight 



[01 21 ] A dielectric layer having a thickness of 1 .5 nm was formed on the separation layer. 
[01 22] The following coating material was prepared : 



35 



Barium titanate particles (average particle size: 0.1 urn) 

Ethylene-glycidyi methacrylate-methylacrylate copolymer resin (softening point: 52°C) 

Wax (softening point: 73°G) 

Toluene 



:10 parts by weight 
3.5 parts by weight 
:1 .5 parts by weight 
£5 parts by weight 
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[0123] An adhesive layer having a thickness of 0.5 Mm was formed on the dielectric layer so that the thermal transfer 
dielectric material B was prepared. 

[0124] "men, a green dielectric layer which contained barium titanate particles having an average particle size of 0.1 
um and butyral resin and which had a thickness of 3 t±m was formed on the support member having a separating char- 
acteristic and made of polyethylene terephthalate. Thus, a green dielectric sheet was manufactured. The green dielec- 
tric sheet was set to a thermal transfer printer so that predetermined green internal electrode portions and green 
dielectric portions were printed on the surface of the dielectric layer by a thermal transfer method by using the thermal 
transfer conductor material and the thermal transfer dielectric material A. A fact was confirmed that the formed internal 
electrode layers were flattened. However, buns formed in the boundaries among the layers were removed by perform- 
ing a calendering process such that the positions in the thermal transfer printer were maintained. Then, a green dielec- 
tric layer was formed on the laminate by thermal printing using the thermal transfer dielectric material B. Since the green 
internal electrode layer was flattened, no rise was observed on the surface of the green dielectric layer composed of the 
thermal transfer dielectric material B. 

[01 25] Then, the green internal electrode layers and the green efi electric layers were alternately printed by the thermal 
transfer method so that a green laminate having 50 internal electrode layers was manufactured. 
[01 26] Then, the green laminate was taken from the thermal transfer printer. Then, the internal electrode layer printed 
finally was superimposed on the green cfielectric layer which was composed of barium titanate particles having an aver- 
age particle size of 0.35 yon and butyral resin and which had a thickness of 300 urn. The superimposition was per- 
formed such that the internal electrode layer printed finally faced the green dielectric layer. Then, pressure was applied 
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so that crimping is performed to remove the support member of the green laminate. 

[0127] Then, a green dielectric layer, which was composed of barium titanate having an average particle size of 0.35 
um and butyral and which had a thickness of 300 pm was superimposed on the foregoing laminate. Then, the laminate 
was applied with pressure and crimped, and then cut. Thus, green laminate chips were manufactured. After the green 
laminate chips were degreased, the green laminate chips were burned at 1 260*C in a furnace having a reducing atmos- 
phere so that capacitor chips were manufactured. Then, end electrodes were joined so that multilayer ceramic chip 
capacitors were manufactured. 

[0128] The dimensions of each capacitor were such that the length was 3.2 mm and the width was 1 .6 mm. When the 
capacitor was cut to observe the cross section, the thickness of each internal electrode portion was 1 .0 jim, the effective 
area of the same was 2.4 mm 2 and the thickness of the dielectric member between the internal electrodes was 1 .0 um. 
A fact was confirmed that all layers were stably formed. The capacitor had a capacity of 2 uF which was a satisfactory 
value as one of capacity characteristics. 

[0129] When a similar manufacturing process is performed such that the green internal electrode layer was composed 
of only the green internal electrode portion and the green dielectric layer is printed by the thermal transfer printing proc- 
ess without performing the calendering process, a rise of the lower green Internal electrode portion appears on the sur- 
face of the green dielectric member. As a result, the flatness deteriorates. Therefore, a thermal transfer printing process 
to which the surface of the green dielectric sheet is subjected results in a portion being formed to which heat is irregu- 
larly conducted from the thermal head. As a result, a precise printing process cannot be performed. Thus, the thermal 
transfer printing operation for obtaining a green laminate cannot completely be performed. As a result, a laminate struc- 
ture cannot easily be obtained. 

[0130] According to the present invention, a compact and reliable multilayer ceramic element can be provided. 
Claims 

1 . A multilayer ceramic electronic element comprising: 

ceramic cfielectric layers; 
internal electrode layers; and 

external electrodes for establishing connection with the outside such that said ceramic dielectric layers and 
said internal electrode layers are alternately laminated, 

wherein said internal electrode layer has an internal electrode portion and a dielectric portion which are con- 
tinuously flushed with each other, and an end of said internal electrode portion is connected to said end exter- 
nal electrode without any curve. 

2. A multilayer ceramic electronic element according to claim 1 , wherein the thickness of an internal electrode in each 
of said internal electrode layers is not larger than 1 .2 um, and the thickness of ceramic dielectric layer interposed 
by said internal electrodes is not larger than 2 um 

3. A multilayer ceramic electronic element according to claim 1, wherein at least fifty ceramic dielectric layers and 
internal electrode layers are alternately laminated. 

4. A multilayer ceramic electronic element according to claim 2, wherein at least fifty ceramic dielectric layers and 
internal electrode layers are alternately laminated. 

5. A method of manufacturing a multilayer ceramic electronic element, comprising the steps of: 

forming a green internal electrode portion by thermally transfer-printing, on a green dielectric layer formed on 
a support member, a thermal transfer conductor member by a thermal transfer printing method; and 
forming a green dielectric portion by thermally transfer-printing, on a surface of said green dielectric layer at 
where said green Internal electrode portion is not formed and which Is flush with said green internal electrode 
portion, a thermal transfer dielectric member by a thermal transfer printing method so that a substantially flat 
green internal electrode layer is formed. 

6. A method of manufacturing a multilayer ceramic electronic element according to claim 5. wherein said green die- 
lectric layer is formed on said support member by a thermal transfer printing method using a thermal transfer die- 
lectric material. 

7. A method of manufacturing a multilayer ceramic electronic element according to claim 5, wherein said thermal 
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transfer conductor material is formed by sequentially laminating, on said support member, a separation layer mainly 
composed of wax. a conductor layer mainly composed of thermoplastic resin, wax and conductor particles or the 
thermoplastic resin and the conductor particles and an adhesive layer mainly composed of thermoplastic resin and 
wax or the thermoplastic resin and said thermal transfer dielectric material is formed by sequentially laminating, on 
5 said support member, a separation layer mainly composed of wax, a dielectric layer mainly composed of thermo- 
plastic resin, wax and dielectric particles or the thermoplastic resin and the dielectric particles and adhesive layer 
mainly composed of thermoplastic resin and wax or the thermoplastic resin 

8. A method of manufacturing a multilayer ceramic electronic element according to claim 6, wherein said thermal 
io transfer conductor material is formed by sequentially laminating, on said support member, a separation layer mainly 

composed of wax, a conductor layer mainly composed of thermoplastic resin, wax and conductor particles or the 
thermoplastic resin and the conductor particles and an adhesive layer mainly composed of thermoplastic resin and 
wax or the thermoplastic resin and said thermal transfer dielectric material is formed by sequentially laminating, on 
said support member, a separation layer mainly composed of wax, a dielectric layer mainly composed of thermo- 
15 plastic resin, wax and dielectric particles or the thermoplastic resin and the dielectric particles and adhesive layer 
mainly composed of thermoplastic resin and wax or the thermoplastic resin. 

9. A method of manufacturing a multilayer ceramic electronic element according to any one of claims 5 to 8, wherein 
the surface of a green internal electrode layer, which incorporates a green internal electrode portion formed on the 

20 surface of a green dielectric layer formed on said support member by a thermal transfer method and a green die- 
lectric portion, is subjected to a calendering process so that the surface of said green internal electrode layer is flat- 
tened. 
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FIG. 3 
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FIG. 5 
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